. The opening of the TRPV4 chanpA) or a combination of a hyperpolarizing (500 ms/100 nel by a hypotonic stimulus does not appear to depend pA) followed by a depolarizing (500 ms/100 pA) current on direct mechanotransduction since it is not affected pulse. Under those conditions, perfusion of a 30% hypoby membrane stretching (Strotmann et al., 2000) . Rather, tonic solution elicited firing of multiple action potentials it seems to result from Src family tyrosine kinase-depenin 32% of neurons (11 of 34; Figure 1A ). As shown in dent phosphorylation (Xu et al., 2003) . TRPV4 gating Figure 1B , in responsive neurons, perfusion of hypotonic solution led to membrane depolarization (from 54 Ϯ 4 to 40 Ϯ 5 mV, n ϭ 11, p Ͻ 0.05) while in nonresponsive
out eliciting any action potentials (data not shown). We TRPV4 is a nonselective cation channel, first dethen investigated the effect of a hypotonic challenge scribed as an osmosensor, activated by a decrease in when neurons were already stimulated by two different osmolarity of as little as 30 mOsm (Liedtke et al., 2000; electrical protocols: a long depolarizing pulse (1 s/100 Strotmann et al., 2000) . The opening of the TRPV4 chanpA) or a combination of a hyperpolarizing (500 ms/100 nel by a hypotonic stimulus does not appear to depend pA) followed by a depolarizing (500 ms/100 pA) current on direct mechanotransduction since it is not affected pulse. Under those conditions, perfusion of a 30% hypoby membrane stretching (Strotmann et al., 2000) . Rather, tonic solution elicited firing of multiple action potentials it seems to result from Src family tyrosine kinase-depenin 32% of neurons (11 of 34; Figure 1A ). As shown in dent phosphorylation ( (A) Current clamp recording of DRG neurons. A short depolarizing (10 ms/100 pA) stimulus was used in isotonic solution (312 mOsm) to characterize the action potential waveform of each neuron. Two current stimulation protocols were applied to DRG neurons: a long depolarization (1 s/100 pA) and a depolarization (500 ms/100 pA) following a prehyperpolarizing current (500 ms/100 pA). The response to the two stimulation protocols were recorded under isotonic, 30% hypotonic (219 mOsm), and after return to isotonic solution. (B) Mean Ϯ SEM of the membrane potential value of sensitive (n ϭ 11) or insensitive (n ϭ 23) neurons in isotonic (white bars) and in 30% hypotonic (black bars) conditions. (C) A cell responsive to the hypotonic challenge expressed TRPV4 mRNA (cell 1), whereas a nonresponsive cell (cell 2) did not.
neurons, the membrane potential remained unchanged In 31 neurons, immediately after electrophysiological recordings, the cytoplasm was harvested and single-(54 Ϯ 5 to 53 Ϯ 5 mV, n ϭ 23). Cells that fired became quiescent a few seconds after replacing the bath with cell RT-PCR analysis was performed. TRPV4 mRNA was expressed in the 11 neurons that fired action potentials isotonic solution, and over a couple of minutes, the membrane potential returned to baseline.
in response to an electrical depolarization during a 30% hypotonic stimulus, whereas the mRNA was undetect-30% hypotonic stimulus. Another set of nociceptors was tested with three increasing levels of hypotonicity (15%, able in the 20 neurons that did not fire action potentials ( Figure 1C) . 30%, and 40%), and in those cells the mean response to hypotonic stimulus also increased progressively with Two types of DRG neurons have been described based on the shape of the falling phase of the action degree of hypotonicity ( Figure 2D ). Following calcium imaging, the cytoplasm of 13 cells responsive to an potential (Gorke and Pierau, 1980; Harper and Lawson, 1985) . Nociceptive DRG neurons usually have a longincreasing level of hypotonic stimulus (15% and 30%) was harvested and RT-PCR was performed. As shown duration action potential with a shoulder on the falling phase of the action potential ( Figure 1A) , whereas nonin Figure 2C ( 
TRPV4 Protein in Peripheral Nerve
To detect TRPV4 protein expression, we generated an (2.5 l, 100 ng) was intradermally injected prior to a second hypotonic challenge, the number of action poaffinity-purified polyclonal anti-TRPV4 antibody using a Recently, intact hot and touch sensation was observed in TRPV4 knockout mice (Suzuki et al., 2003 ). Thus, we tested change in mechanical threshold and latency of the hindpaw to withdraw from a hot stimulus. As shown in Figure 7B , there was no significant difference in the mechanical or thermal thresholds between the antisense-and mismatch-treated rats. The thresholds in both groups of treated animals did not significantly differ from the control baseline measured (p Ͼ 0.05, Tukey's multiple comparison test, n ϭ 6 for each condition).
Western blot analysis showed a specific 41% Ϯ 17% diminution of TRPV4 protein expression level (p ϭ 0.017, unpaired Student's t test, n ϭ 8 for antisense-treated and n ϭ 9 for mismatch-treated) in the saphenous nerve in antisense-treated rats ( Figure 7B ). VR1 and tubulin antibodies were used as a test of antisense specificity and as a loading control, respectively. The level of expression of TRPV1 protein remained unchanged under the TRPV4 antisense and mismatch treatment (p Ͼ 0.05, unpaired Student's t test, n ϭ 6 for both groups). These data suggest that TRPV4 is involved in the transduction in vivo and that in sensitized states (such as inflammation, for example), hypotonicity becomes even a more
Recording Solutions for Electrophysiology efficient stimulus and is able to be noxious in the animal.
or Calcium Imaging
That finding is of primary interest because it is the first Extracellular solutions (Table 1) to the C terminus of the rat TRPV4 was synthesized and conjugated to keyhole limpet hemocyanin (KLH) via its N terminus by Invitrogen Life Technologies. Rabbits were immunized with the KLH-conjuMeasurement of Intracellular Ca 2؉ Concentration DRG neurons were recorded between 24 and 72 hr after dissociagated peptide (240 g peptide for the first immunization and 120 g thereafter) according to standard procedures at Lampire Biologition. Neurons were loaded with 5 M fura-2 acetoxymethyl ester (fura-2 AM; Molecular Probes) for 20 min in isotonic solution (312 cals. The resulting immune serum was purified using affinity chromatography made from the synthetic peptide and Sulfolink coupling mOsm). The volume of the chamber was 300 l and the perfusion was carried out at 20ЊC-23ЊC at a flow rate of 1-2 ml/min. Cells gel (Pierce Biotechnology). Purification was performed by incubating 1 ml of antiserum/ml of affinity resin for 2 hr at room temperature were perfused with isotonic solution for 10 min before the beginning of the recording to allow hydrolysis of the fura-2 AM. nous nerve proximal to the ligation was removed 3 days after the In absence of specific blockers of TRPV4 and given the ionic surgery. Protein membrane preparation and Western blot analysis complexity of DRG neurons, experiments were performed in condiwere performed as previously described (Parada et al., 2003) . The tions that were less likely to activate other ions channels: low NaCl membrane was probed with affinity-purified anti-TRPV4 antibody concentration, HEPES buffer, room temperature, and where only (1:750) followed by incubation with horseradish peroxidase-conjuthe amount of mannitol was modified to change the solutions osmogated (HRP) goat anti-rabbit IgG (1:10,000 Santa Cruz biotechnollarity but in which the activation of TRPV4 may not be maximal. ogy). Membranes were incubated with enhanced chemiluminescence reagents (Pierce Biotechnology) and exposed to films. To determine the specificity of the TRPV4 antisense probe and to nor-CHO-K1 Transfection and Cell Culture Negative control cell line (CHO-MOCK) was generated by transfectmalize the loaded samples, affinity-purified goat polyclonal TRPV1 antibody (1:500, Santa Cruz biotechnology) and ␣-tubulin (1:2000, ing CHO-K1 cells (ATCC, Manassas) with 10 g pcDNA3.1 plasmid DNA (Invitrogen Life Technologies) per 10 cm dish using a standard Sigma) were used to reprobe the membrane. Respectively, a HRPconjugated rabbit anti-goat IgG (1:4000, Santa Cruz biotechnology) calcium phosphate/HEPES protocol (Sambrook et al., 1989) . Cells
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